NBTI of the HfSiO x /TiN gate stack is investigated as a function of the dielectric thickness. It is shown that as the thickness of the HfSiO x layer is reduced below 20Å, the NBTI mechanism approaches the mechanism that induces H-reaction diffusion. Conversely, for thicker HfSiO x dielectrics, a combination of H-reaction-diffusion and charge detrapping from the bulk HfSiO x contribute to NBTI.
power law exponents are extracted from the slope of the log(∆V TH ) vs log(time) plot. Fig. 4 and 5 show ∆(V TH ) vs time for the thin HfSiO x (18Å), with various stress voltages and different temperatures. The power law exponent obtained for the thin HfSiO x is ~ 0.22-0.23. For the thick silicate however, the extracted power law exponent is ~0.14-0.16 ( fig. 6 and fig. 7 ), indicating an additional component in the V TH instability. Along with the threshold voltage shift we observe a downward shift in the peak transconductance ( Fig. 8 -18Å HfSiO x ) , indicating creation of interface traps. The said results can be explained assuming that two mechanisms occur concurrently when high-κ gate stacks are stressed with negative bias: (a) Si-H bonds are broken by hole injection, as in the case of SiO 2 [3] and (b) existing negative charges in the high-κ layer are detrapped [5] . Both (a) and (b) processes result in negative threshold voltage shift. The contribution of (b) is minimal in SiO 2 and the exponent "n" obtained is entirely due to interface state generation. In high-κ dielectrics, however, a combination of these mechanisms is in effect. The dependence of "n" on the thickness of the dielectric (Fig. 9) shows that, as the thickness of the HfSiO x layer is reduced, the "n" increases towards 0.25 (SiO 2 ). This phenomenon implies that as the thickness decreases, H° R-D dominates over the charge detrapping mechanism. As the HfSiO x layer is made thicker, charge detrapping becomes the dominant mechanism. The value of "n" is smaller for the thick dielectric because a large portion of the charge detrapping is transient and occurs within ~ 100µs of stress and subsequent V TH shift is slower, leading to a smaller value of "n". Fig. 10 shows gm,max degradation at 10sec stress plotted as a function of stress field for RT, 75°C and 125°C. The increase in the slope of the curve is much more severe for the thin HfSiO x (18Å) than for the thick HfSiO x (30Å). A concurrent increase in ∆(V TH ) is also observed to be more severe in the thin HfSiO x (18Å) (Fig. 10) . This theory is consistent with recent research by Houssa et al [9] , who reported that the power law exponent "n" decreases with increase in "Hf" content in the film. The worse degradation of gm,max in thin HfSiO x (18Å), as compared to the thick HfSiO x (30Å) can be attributed to poorer quality interface in the thin HfSiO x , as explained before.
Conclusions
NBTI is investigated for highly scaled HfSiO x . From the dependence of power law exponent on dielectric thickness, it is concluded that the H-reaction diffusion model is the dominant mechanism for thin HfSiO x (18Å). Conversely, for thick HfSiO x (30Å), a combination of the H-reaction diffusion and charge detrapping from existing trap centers in the bulk contribute to NBTI. 
